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Abstract Based on the special molecular structure of surfactant, paramagnetic material used as magnetic nucleus was 
coated with two lasers of surfactant including an inner laser and an outer laser. Magnetic reagent can combine with acti¬ 
vated carbon due to adsorption of hydrophilic radical of the outer surfactant las er. So aetisaled carbon has magnetism I he 
effects of magnetic reagent dosage, pll and activator upon the magnetic susceptibility of activated carbon were studied. 
Concerning the optimal conditions. MR-20 is the best magnetic reagent. Concentration of CaCI. is 0.02M and pll 1.8-2.4. 
I'he physical properties of magnetic activated carbon vary with the types, dosage and magnetizing condition of magnetic 
reagent. 

Key words: Activ ated Carbon. Magnetic Nucleus. Surfactant. Magnetic Reagent. Magnetic Activ ated Carbon. 


Introduction 

As one of an important industrial material, activated 
carbon has a marked capacity, giant specific surface, 
developed pore structure and stable chemical properties. 
It has played more and more important role in metal¬ 
lurgy. medicine, food and environment field. But there 
still have many problems in using activated carbon, 
such as separation. As usual filtration is adopt. But this 
method bring problem either blocking or losing. Com¬ 
pare to filtration, the use of magnetic separation was 
time saving, cheap, reduce hazards and improve quality, 
so people try using magnetic separation instead filtra¬ 
tion. But it's impossible because of the low magnetic 
susceptibility of activated carbon. So. the preparation of 
magnetic activated carbon became an interesting sub¬ 
ject of the reachers and users throughout the world. 
China. Japan and USA have done a lot of work on it. 
but all didn't get satisfied results. 1990. Tangshan Ji- 
anxin Activated Carbon Company used adhesive to 
make magnetic particle adhere to the surface of acti¬ 
vated carbon. But because of the adhesive, the capacity 
of activated carbon decreased greatly. 1991. Wang 
Chonglin 1 ' 1 . A researcher of Chinese Academy of Sci¬ 
ence Metal Institute prepared magnetic activated carbon 
by immersing activated carbon in a-salt solution of be. 
Co. Ni. then immersing the C in a (NU,)C : 0 4 solution, 
as last magnetizing the activated carbon in IL and N : at 
600-1200 C. Because this method need high tempera¬ 
ture and pressure, it cost expensive. In addition to this, 
the magnetic activated carbon's total iron is too much 
higher and capacity decreased greatly . In 1992. Eto. 


Takeo |:| obtained magnetic activated carbon by dispers¬ 
ing activated carbon and magnetic material in a solution 
containing latex. CMC and water and coating the dis¬ 
persion on activated carbon. Between 19X8-1992. 
America researchers did a lot on this Held, but uot lit¬ 
tle' 5 '. 

In this paper, based on the magnetic reagent technol¬ 
ogy. produced magnetic activated carbon which still 
had high capacity and giant surface area. 

Experiment 

Synthetic Principle of Magnetic Reagent 

Magnetic reagent is a composite of magnetic materials 
included magnetite, ferrite, hematite, maghemite, pyr- 
rhotite and metals, alloys and compounds containing 
iron, nickel or cobalt 121 and surfactant coating with an 
inner layer and an outer layer. The functional groups of 
surfactant can react between magnetic material and 
other materials. Under suitable conditions, surfactant 
can serve as a bridge. T hus, the composite of magnetic 
materials and surfactants with the capabilities to couple 
other materials is magnetic reagent. 

I'ig. I is an ideal representation of magnetic reagent 
in water 1 ' 1 . 

The inner layer covered the particle is a mono- 
molecular layer of a first water soluble, organic, het- 
eropolar surfactant coating at least 3 carbon atoms and 
having a functional group which forms a bond with the 
magnetic particle on one end and a hydrophobic end. 
The outer layer covered the inner layer is a mono- 
molecular of a second water soluble, organic, hetropo- 
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|ar surfactant containing at least 3 carbon atoms and collected on a magnet. Washed with water to remove 


having a hvdrophobic end bonded to the hydrophobic 
of the first surfactant and a functional group oriented 
outwardly toward water. Nonmagnetic particles were 
magnetized by contacting the surface with magnetizing 
reagent in an aqueous medium and adsorbing the sur¬ 
face with covered two layers furfactant magnetic parti¬ 
cles. The first and second surfactants can be nonionic, 
anionic or cationic. 
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the residual salts and a yield of about 2.7g of magnetic 
particles was obtained. 

0.6g sodium latiryl sulfate was added to an aqueous 
slurry of the colloidal magnetic particles (2.7g magnetic 
particles in 10 ml water) and 5 drops of 5N sodium 
hydroxide were added. The slurry was stirred and 
heated at c )2 C for 50 min to aid the adsorption of 
lauric acid onto the magnetic particles. IN hydrochloric 
acid was then added until pH reach 7.0. The agglomer¬ 
ates were concentrated held b\ a magnet and the solu¬ 
tion decanted. The agglomerates were further washed 
with water to remove excess surfactant. 0.5g sodium 
disopropul dithiophosphates and sufficient water to 
make a total vollume of 10ml were added to the ag¬ 
glomerate to obtain a peptized product which the object 
product-magnetic reagent. 

Preparation of Magnetic Activated Carbon 

Washed activated carbon twice and then immersed in 


Fig. 1. The structure id magnetic reagent 
Magnetic materials include magnetite, ferrite, hema¬ 
tite. maghemite, phrrhotiee and metals, alloys and com¬ 
pounds containing iron, nickle or cobalt. The magnetic 
materials can be derived from various sources, f or 


0.02M CaCh solution for 2 hours. Then adjust the pll 
of the solution to a suitable range, added the magnetic 
reagent (a certain amount magnetic reagent in water). 
Maintained at 60 C for 2 hours. Washed activated 
carbon with water to remove excess of CaCI, and mag- 


example. magnetite may be obtained from ores and netic reagent. At last dry activated carbon at 104 C for 

prepared by grinding 11 '' s| or by so called wet method. 2 hours. We'll get magnetic activated carbon. 

Colloidal magnetite can be precipitated b\ reacting 

solutions of ferrous and ferric salts with alkali met- Results and Discussion 


I e' *21 c +801-1-— Fe\A + 4H : () 

Synthetic F.xample of Magnetic Reagent 

Magnetic particles were prepared by reacting between 
salt of ferrous and ferric and alkali. 3.6g f'eS0 4 • 711,0. 
4.8g FeCh ■ 6H,G were dissolved in 10 ml water and 
10 ml of ammonia solution (56%) was added with rapid 
mixing to yield magnetite precipitates. The solution 
was heated to boiling. The magnetite particles were 


Effect of Magnetic Reagent Kind 

The same magnetic reagent had a different magnetic 
capability for different materials. So before preparation 
of magnetic activated carbon, we should determine 
optimal magnetic reagent. 

Table 1 showed MR-20 was optimal magnetic rea¬ 
gent for preparation of activated carbon. 


Table I. .Magnetic Capability for Activated Carbon of Various Magnetic Reagent 
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isoelectric point, these particles carry negative charge 
Effect of pH and w ill adsorb or couple with a magnetic reagent hav- 

When material particles had zero charge the pll was ing a cationic outer layer surfactant. When the pll be- 

called the isoelectric point. When the pH. is above the low the isoelectric point, these particles earn a .positive 
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change and will adsorb or couple with a magnetizing 
reagent having an anionic outer layer surfactant 1 " 1 . 

Fig. 2 showed, when MR-20 was used for prepara¬ 
tion of magnetic activated carbon, optimal pH range 
was 1.8-2.4. 



Fig. 2. The adsorption of MR-20 on activated carbon at 
various pH 

Effect of Activator 

The coupling between magnetic reagent and activated 
carbon was determined by these following factors 1 ' 21 . 

1 )Non-polar Van de Walls for a relative weak attrac¬ 
tion force which increase with the molecular weight of 
the outer layer surfactant. 

2) Hydrogen bonding force. 

3) Electrostatic bonding force. 

4) Covalent bonding force. 

The last three forces were quite strong, so we can add 
some salts such as CaCI 2 which can activate the adsorp¬ 
tion through modifying the surface properties of acti¬ 
vated carbon and were usually called activators. Fig. 3 
show that magnetic enhancement can indeed be 
achieved with this approach. 

Effect of Magnetic Reagent Dosage 

It was shown in Fig. 4, in the range of study, the 
amount of adsorption was almost linearly proportional. 

Main Indexes of Magnetic Activated Carbon 

Table 2, 3, 4 showed, the main indexes of magnetic 
activated carbon were changed with the magnetic sus¬ 
ceptibility change, but the adsorpting capacity changed 
just a little. 

Conclusion 

1. Used GH-16A, JX-OI, GH-14 as raw materials to 
prepare magnetic activated carbon, MR-20 is the opti¬ 
mal magnetic reagent. 

2. In this study, the optimal conditions for the prepa¬ 
ration of magnetic activated carbon were: pH 1.8-2.4, 


temperature 60 C, CaCI 2 0.05M. 

3. The kind of magnetic reagent, dosage, pH and 
activator had a little effect on the main indexes of mag¬ 
netic activated carbon. 

4. The magnetic material of magnetic activated car¬ 
bon prepared by this method spread evenly. When 
grind under 200 mesh, the activated particle still be 
magnetic. 

5. This kind of magnetic belong to soft magnetic 
material and it was absorbed only by magnet. 

6. The success of this study provides a method for 
other nommagnetic materials magnetized. 


Table 2. Main Indexes of MGH-16A 


Analytic index 

Magnetic Suscep¬ 
tibility emug 1 

1 

8 963 - 

10 " 

2 

2.96! a 

ur 

3 
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4 

2 836- 

iir 

5 
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4 38 

4 21 

4 24 

4.27 

4 25 
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1.04 

1 .36 

1 68 

4.02 

4 89 
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1028 

1026 
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Total iron 

0 15 

0.50 

0 70 

0.85 

0.95 

Chloride % 
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0.06 

0 06 
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2 47 

1 84 

2 16 

2.92 

3 43 



Fig. 3. Calcium chloride for the activation of activated 
carbon on MR-20 adsorption 



Fig. 4. Magnetic enhancement of activated carbon at vari¬ 
ous MR-20 dosage 
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Table 3. Main Indexes of MGH-14 


Analytic index 

i 

2 

3 

4 

5 
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1 lardness % 
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97 31 
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3.90 
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Ash % 

0.60 
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0.86 
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0 02 
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0 35 
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Table 4. Main Indexes of MJX-01 

Analytic index 
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98 94 

Moisture “n 

4 29 
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1041 
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0,10 

0 60 

0.65 
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Chloride % 

0.02 
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0.05 
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r\cid soluble % 

2 47 

0 86 

1 42 
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2 79 
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